BACKGROUND: There is little information on how breakfast choices are associated with dietary intakes in Australian boys. OBJECTIVE: (i) To determine the proportion of breakfast skippers, ready-to-eat cereal (RTEC) consumers and non-RTEC consumers at breakfast; (ii) to compare breakfast, and daily nutrient intakes and nutrient density, between the three groups; and (iii) to compare daily nutrient intakes against nutrient recommendations. SUBJECTS/METHODS: Cross-sectional analysis of 12 to 16-year-old boys (n ¼ 781) from the 2007 Australian National Children's Nutrition and Physical Activity Survey. RESULTS: Forty-two percent of boys consumed RTEC at breakfast; 38% did not consume RTECs; and 20% skipped breakfast. Breakfast skippers had a higher body mass index and waist circumference compared with RTEC consumers (Pp0.05). At breakfast, RTEC consumers had a higher intake of total sugars and a lower intake of fat and sodium versus non-RTEC consumers. Total daily nutrient density for calcium, iron, thiamin, riboflavin, zinc, dietary folate equivalents, magnesium and iodine was higher for RTEC consumers versus non-RTEC consumers and breakfast skippers (all Pp0.05). Fifty-nine percent of 14 to 16-year-old RTEC consumers reached the fibre adequate intake versus 34% and 24% of non-RTEC consumers and breakfast skippers, respectively (all Pp0.01). More RTEC consumers met the calcium estimated average requirements versus non-RTEC consumers and breakfast skippers (Pp0.01). CONCLUSIONS: Breakfast choice, specifically RTECs and the foods consumed with them, provide valuable nutrients that may assist boys in meeting nutrient requirements. Consumption of RTECs may be one way in which intakes of key nutrients, relevant for growth and development, could be increased in older boys.
INTRODUCTION
There is considerable evidence to support that breakfast consumption in children and adults is associated with a higher intake of many nutrients, 1 --4 a lower intake of fat 5 and a lower body mass index (BMI). 6 Longitudinal studies also have identified that breakfast behaviour during childhood tracks into adulthood, 7 --10 where consistent breakfast consumers have been reported to have a lower BMI and a lower waist circumference compared with breakfast skippers. 10, 11 Emerging research has revealed however noticeable declines in the frequency of breakfast consumption during childhood and adolescence. 12 --14 Consumption of ready-to-eat cereals (RTECs) has been associated with higher intakes of nutrients, including calcium, fibre, iron and zinc; 2, 12, 15 a lower intake of fat and cholesterol; 12, 13 and a lower BMI. 12, 16, 17 However, RTEC consumption appears to be declining 13, 15 and breakfast skipping becoming common in children and teenagers, particularly in those who are overweight or obese. 18 --20 Previous research from Australia and overseas 9, 21, 22 has identified that more girls skip breakfast compared with boys, and some studies assessing breakfast consumption have only reported on girls describing a decrease in breakfast quality. 23, 24 Older boys may also be at risk for lower nutrient intakes, 25, 26 including calcium 25 and some B vitamins, 27 despite their higher requirements for calcium, and also iron and fibre. 28 Older boys are also susceptible to an increase in body weight, 29 with the estimated prevalence of overweight/obesity in Australian boys 9 --16 years being B25%, 25 higher than the B20% reported in 1995 and B11% reported in 1985. 29 Given that breakfast consumption has been shown to be associated with BMI and nutrient intakes, and older boys have increased nutrient requirements from age 12 owing to growth and developmental needs, and greater independence over their food choices, it is important to obtain a current snapshot of the breakfast eating patterns of this sub-group within the Australian population. Moreover, it is currently unclear in boys how breakfast choice is associated with nutrient intakes and body weight, and whether breakfast choice, specifically consumption of RTECs, is associated with better ability to meet the higher demand for nutrient recommendations. Therefore, the current analysis was limited to boys 12 --16 years old who participated in the Australian National Children's Nutrition and Physical Activity Survey (AN-CNPAS) conducted in 2007. 25 In Australia, only two national surveys have assessed breakfast consumption in children; these data were collected longitudinally beginning in 1985 10 and the Australian National Nutritional Survey in 1995. 30 The data are outdated and nutrient recommendations in Australia have been revised. 28 Therefore, the aims of this secondary analysis were to determine, in a nationally representative sample of Australian boys aged 12 --16 years: (i) the proportion of RTEC consumers, non-RTEC consumers and breakfast skippers; (ii) compare breakfast, and total daily nutrient intakes and nutrient density, between these groups; and (iii) compare whole-day dietary intakes against current dietary recommendations for the appropriate age groups.
MATERIALS AND METHODS

Study population and procedures
The 2007 ANCNPAS was a national survey involving 4487 children, aged between 2 and 16 years. 25 The survey assessed food and beverage intake, and use of supplements, using two 24-h food recalls and a selected food habits questionnaire. Demographic, anthropometric (height, weight, waist circumference) and physical activity data (time spent in physical activity and sedentary activity, number of steps taken daily) were also collected. A computer-assisted personal interview (CAPI) was first conducted in a child's home, followed 7 --21 days later by a computer-assisted telephone interview (CATI). Further details of the survey methodology have been published previously, 31 and further details of the survey population and procedures can be obtained from the 2007 ANCNPAS Users Guide, available at http://www.health.gov.au/internet/main/publishing.nsf/Content/ AC3F256C715674D5CA2574D60000237D/$File/user-guide-v2.pdf.
A total of 839 12 to 16-year-old boys participated in the survey and 781 (93%) completed both the diet (that is, 2 Â 24-h recalls and a food habits survey) and physical activity (that is, a total of 4 days activity recall) components of the survey. The current analysis is focussed on 781 boys compliant for both diet and physical activity.
Food groups
The CAPI dietary recall generated a large number of specific food items (for example, breakfast cereal, whole wheat, puffed, added vitamins B1, B2). Each food item corresponded to progressively broad food groups, for example, a minor food group: breakfast cereal, wheat-based fortified; a sub-major food group: breakfast cereals and bars, unfortified and fortified varieties; and a major food group: cereals and cereal products. For the current analysis, the sub-major food groups were used; however a distinction between 'breakfast cereals and bars' was made and categorized as follows: 'ready-to-eat' (that is, all cereals, excluding porridge, oats, muesli, semolina), 'non ready-to-eat cereals' (that is, porridge, oats, muesli, semolina) and 'breakfast bars' (unfortified and fortified varieties). Muesli and hot porridge type cereals were not included as an RTEC as they generally have a significantly different nutrient profile.
Breakfast consumers
Breakfast consumers were defined as any child who consumed an energycontaining food or beverage (excludes water, but not black tea/coffee) between 0500 and 0930 hours on the day of the CAPI. When energy consumption over the whole day was examined, it was evident that on average, three meals were consumed. We therefore used the time periods where most energy was consumed to define meals. Breakfast consumers were categorized as RTEC consumers; non-RTEC consumers (boys who did not consume RTECs but may have consumed muesli-and hot porridgetype cereals made from oats or grains such as semolina and rice, as well as any other food that was not considered RTEC); and breakfast skippers (those who did not consume an energy-containing food or beverage during the breakfast period).
Dietary intakes and nutrient recommendations
Breakfast and whole-day energy and nutrient intakes were assessed using the data collected at the CAPI. Nutrient density was calculated at breakfast and over the whole day, and expressed as the amount of nutrient per 1 MJ. Total sugars, fibre and sodium intakes from RTECs consumed at breakfast were also determined.
Estimated average requirements (EARs) for protein, calcium, iron, thiamin, vitamin A retinol equivalents, riboflavin, niacin equivalents, dietary folate equivalents, magnesium, zinc, iodine, and the adequate intake (AI) for fibre and sodium, were used according to current National Health and Medical Research Council Nutrient Reference Values. 28 If o90 --95% of the group reaches the EAR for a particular nutrient, that nutrient may be at risk of being inadequate. These, however, are only estimates of potential dietary intake inadequacy as individual requirements vary, and this report does not include nutrients provided by dietary supplements. For the AIs, adequacy of the groups intake is determined if greater than 50% of the group reaches the AI. Owing to the differences in some nutrient requirements for boys aged 12 --13 years and 14 --16 years, relevant reference values were used for each age group.
Statistics
All analyses were performed using STATA (Stata IC, version 10.1 for Windows; StataCorp, College Station, TX, USA). Continuous data were assessed for normality and, if required, normalized by natural log transformation. Back-transformations from the logarithm scale to the original scale were undertaken in the regression model and data are reported as the geometric mean (95% confidence intervals). Normally distributed data are reported as mean, s.e.m. Univariate multiple linear regression analyses were used to test for significant differences in mean nutrient intakes and nutrient density, between breakfast groups, with population weights applied. Where appropriate, values were adjusted for age, BMI and total daily energy intake. Only significant variables (for example, age, BMI) were included in the final model. The probability of meeting EARs was performed using C-SIDE (version 1.02, 1997; Iowa State University, Statistical Laboratory), using a test for correlation between intake and probability of consumption. The C-SIDE programme requires at least 2 days of consumption as an estimate of usual intake; therefore mean dietary intakes were assessed using both the CAPI and CATI 24-h recalls. The P-value associated with the calculated z-score was obtained using the Normal Distribution Calculator available at http://stattrek.com/Tables/ Normal.aspx. The a level for significance was set at Po0.05.
RESULTS
Among the 781 boys aged 12 --16 years, 331 (42%) consumed RTECs at breakfast, 293 boys (38%) consumed breakfast (but not RTECs) and 157 boys (20%) were breakfast skippers. There was no difference in age, body weight, waist circumference or BMI between RTEC and non-RTEC consumers; however, breakfast skippers were oldest and had the heavier body weight. Breakfast skippers also had a higher waist circumference and BMI compared with RTEC consumers (Table 1) . Ten of the foods and beverages most frequently consumed by RTEC and non-RTEC consumers at breakfast are reported in Table 2 . Three RTEC consumers also consumed non-RTEC cereals (that is, oats, semolina, muesli) and 25 non-RTEC consumers consumed non-RTEC cereals.
Nutrient intakes and nutrient density At breakfast, RTEC consumers had a higher intake of energy, total sugars and most nutrients; however, they had a lower intake of total fat and sodium (Table 3 ). There was no significant difference in total daily energy intake between RTEC and non-RTEC consumers; however RTEC consumers still had a higher intake of most nutrients and total sugars ( Table 2) . Breakfast skippers had a lower total daily energy intake and a lower intake of most nutrients compared with RTEC consumers.
The nutrient density of the diet was typically higher for RTEC consumers at breakfast and over the whole day compared with non-RTEC consumers (Figure 1 ) and breakfast skippers (Figure 2 ).
Key nutrients: fibre, sugar, sodium At breakfast, the mean intake of fibre from RTECs was 3.3 ± 0.2 g, contributing 12% of the total daily fibre intake. There was no significant difference in fibre intakes at breakfast between RTEC and non-RTEC consumers; however, RTEC consumers had a higher daily fibre intake compared with non-RTEC consumers and breakfast skippers (Table 3) . These nutrients were natural log-transformed for whole-day analysis. *Pp0.05; **Pp0.01; ***Pp0.001 versus RTEC consumers. A mean of 12±0.7 g of sugar was provided by RTECs (Table 3) , contributing 34% of the total sugar consumed at the breakfast meal and 7% of the total sugar consumed over the whole day.
The mean sodium intake from RTECs was 291±13 mg, equivalent to 82% of the sodium consumed at breakfast in RTEC consumers and 9% over the whole day. RTEC consumers had a significantly lower sodium intake at breakfast than non-RTEC consumers. There was no significant difference in total daily sodium intake between the three breakfast groups.
Nutrient recommendations
In both age groups, a higher percentage of RTEC consumers met the calcium EAR compared with non-RTEC consumers and breakfast skippers. In the 14 --16 year olds, more RTEC consumers met the fibre AI, and more of the 14-to 16-year-old RTEC consumers also met the EAR for dietary folate equivalents, iodine and vitamin A retinol equivalents (Table 4) .
DISCUSSION
This is the first Australian study to examine different food choices consumed at breakfast in boys, and to compare breakfast choice with total daily nutrient density. We also update previous breakfast consumption data in Australia and overseas assessing breakfast choice against nutrient recommendations.
On the day of the survey, 42% of boys consumed RTECs at breakfast, 38% consumed an alternative breakfast and 20% did not consume any breakfast. Overseas survey data conducted in children/teenagers reported 21 --30% consumed RTECs, 5, 7, 12 43 --62% consumed other types of breakfast foods 5,7 and 17 --32% skipped breakfast. 5, 7, 23 Data from the 1995 Australian NNS found that 58% of boys aged 12 --15 years consumed cold cereal, 2% consumed hot cereal 32 and B15% skipped breakfast. 33 These results indicate that more Australian boys are consuming RTECs compared with children from overseas, yet compared with the last national Australian survey conducted 16 years ago, a decline in cereal consumption, and an increase in breakfast skipping, is notable.
Our results support that consumption of breakfast, specifically RTECs, is associated with a higher intake of many nutrients 5, 30, 34 and a lower BMI. 14, 16, 34, 35 We did not, however, find a significant difference in fibre intake at breakfast between RTEC and non-RTEC consumers. This may be because our non-RTEC group included muesli and oats, which have a higher fibre content than RTECs. Further, data were predominantly collected in autumn and winter; at this time porridge may be more likely to be consumed. Our results are also in agreement with other studies in which breakfast skippers had a lower total daily energy intake but higher intake of fat and saturated fat, a higher BMI and waist circumference. 5, 30 Mechanisms linking breakfast consumption and the associated lower body weight are uncertain. However, consumption of RTECs has been associated with lower intakes of fat and saturated fat, which over the longer term may result in lower body weight. It has also been reported that timing of foods is associated with total daily food intakes. 36 That is, overweight individuals tend to skip 18, 19 and eat a larger proportion of their daily intake in the evening. 36 --38 Perhaps the overall diet quality in boys who consume RTECs is healthier, and in this survey, this translated into a diet higher in many nutrients and a lower BMI compared with breakfast skippers.
Adolescence is a period of rapid growth and development so it is imperative that nutrient intakes, including zinc, folate, iron and calcium, are adequate at this age. In the current analysis, more of the older RTEC consumers met current nutrient recommendations compared with other/non-breakfast eaters. Importantly, calcium is the most at-risk nutrient for suboptimal intakes in this group of boys. Just over 70% of RTEC consumers met the calcium EAR; however, less than 50% of non-RTEC consumers and breakfast skippers met it. This is likely due to the high percentage of RTEC consumers having milk, a common addition to cereal. 2 Given the rapid growth during adolescence, it is important that calcium requirements are met; RTECs combined with milk can contribute to reaching calcium dietary intake targets. For boys who continue to choose foods other than RTECs, drinking a glass of milk with breakfast or consuming a tub of yoghurt will assist calcium intakes. Our data also indicate that consuming RTECs provides valuable nutrients to the breakfast meal and assists in meeting nutrient recommendations specifically dietary folate equivalents, zinc, fibre and iodine. Boys who did not consume RTECs or who skipped breakfast did not appear to 'make up' for the lower intakes of nutrients at breakfast or during subsequent meals.
There has been some concern that RTECs may be high in sodium and sugars, and there has been considerable debate about acceptable levels of sugar in RTECs. Our data show that sugars from RTECs provided 34% of the sugars consumed at the breakfast meal and 7% of the total sugars consumed over the whole day. This increased sugar intake did not translate into increased energy intake across the day in RTEC compared with non-RTEC consumers. Furthermore, RTEC consumers had a 21% lower sodium intake at breakfast compared with non-RTEC consumers. Mixed evidence has been reported regarding sugar and sodium in breakfast cereals. 30, 39 Nevertheless, data from the NHANES survey in children and adolescents found that regardless of sugar content, lower body weight and positive nutrient profiles were associated with cereal consumption. 40 Our data indicate that a small proportion of daily sugar and sodium intake (o10%) came from breakfast cereals; other food sources are major contributors.
There are some limitations of the current study, including its cross-sectional nature. Thus, whether RTEC consumption is a regular occurrence for these boys is not known; however the relatively large sample size is sufficient to provide a reasonable estimate of their 'average' intakes/patterns. The sample size of the boys who skipped breakfast was lower than the number of boys who consumed some type of breakfast meal, thus intakes may not be representative. In addition, although the 24-h recall methodology relies on the participant's ability to recall the details of all foods, some under-reporting may occur. Previous analysis from this survey identified that the girls 14--16 years were more likely to under-report food intakes. 41 Finally, intakes of specified meal times and snack times were not identified in the 24-h recall. Therefore, there was no real method for determining food consumption at various meal times and some children may have consumed foods that were not captured in the time frame used in the current analysis.
In conclusion, on this single day of intake, less than 50% of boys consumed RTECs and 20% did not consume any breakfast. Our results indicate that the type of breakfast foods consumed, specifically RTECs, was significantly associated with higher intakes of several key nutrients and a lower intake of fat at breakfast, and this was sustained over the whole day. There also was a higher percentage of boys consuming RTECs who met nutrient recommendations compared with boys who did not choose RTECs or who skipped breakfast. Consumption of RTECs, in addition to foods that are consumed with it, may be one way in which intakes of key nutrients, relevant for growth and development, could be increased in older boys. Randomized, controlled trials are necessary to determine whether longer term intake of RTECs sustains these benefits, and also improves other health outcomes relevant to growing boys, including bone density, body composition, as well as zinc and iron status.
